can be detected at a fine scale, shedding light on the reticulate evolutionary history of organisms, rates of current and historical gene flow between diverging lineages, and levels of selection that prevent hybridizing species from merging.
Furthermore, in combination with functional gene analyses, genomic comparisons can identify the genes and gene combinations involved in maintaining hybridizing species as discrete entities, determine which genes and gene combinations have been introgressed into species, and which of these are of adaptive significance. In this special issue on the Genomics of Hybridization a collection of papers is presented which touches on these diverse but interrelated aspects of hybridization. The issue leads off with a review by Payseur & Rieseberg of the genomic methods used to detect and characterize hybridization between diverging lineages, and is followed by papers that address the detection and adaptive significance of introgression, hybrid zones, isolating barriers, hybrid speciation and the stabilization of hybrid genomes. Payseur & Rieseberg (2016) make clear that a wide range of analytical methods have been used in the genomic analysis of hybridization in diverse organisms. They note the strengths, weaknesses and limitations of these methods pointing out that "few approaches reconstruct the magnitude and timing of gene flow, estimate the fitness of hybrids, or incorporate knowledge of recombination rate." Proposals are made for future research to remedy these deficiencies and, in turn, provide an improved understanding of the speciation process. They observe that consequences of hybridization appear to differ across taxa, although given the limited range of taxa analysed so far, no firm conclusions are drawn on this matter other than that there is clear variation of effect. They also note that loci resistant to gene flow and contributing to isolating barriers between diverging lineages tend to be more common in sex chromosomes and in regions of reduced recombination.
Detection of introgression and adaptive significance.
The ability to detect introgression (the exchange of genes between diverging lineages that results from backcrossing of hybrids with one or both parents), and to determine how and why it varies across the genomes of hybridizing taxa is fundamental to most genomic studies of hybridization.
Incongruence between phylogenetic trees constructed from different gene sequences has traditionally provided a first indication that hybridization and introgression have occurred between the lineages analysed. However, phylogenomic analyses of taxa in which hybridization is known to occur need to distinguish between the effects of incomplete lineage sorting (ILS) and introgression (reticulation) as causes of such incongruence. It has recently been shown using the multispecies network coalescent (MSNC) that it is possible to construct a phylogenetic network accounting simultaneously for both ILS and reticulation effects. Using this approach, Wen et al. (2016) confirm a reticulate evolutionary history of the six genomes comprising the Anopheles gambiae (mosquito) complex, and further reveal the reticulate history of all chromosomes within these genomes.
Conflicts between taxonomic relatedness based on morphology and molecular phylogenetic relatedness can also result from introgression, or alternatively ILS or convergent evolution. A phylogenomic analysis using transcriptome SNP data by Ru et al. (2016) of related taxa of spruce (Picea) native to the Qinghai Tibet Plateau, China, shows that two varieties of one spruce species are polyphyletic with one variety nesting in the clade of another species.
Further analysis rules out ILS as a cause of this conflict and indicates that there has been extensive and bidirectional introgression between the two varieties.
This, together with parallel evolution in arid habitats, is considered to have caused the morphological similarity between the two spruce varieties.
Particular problems with detecting introgression arise when it is rare and restricted to small parts of the genome. Rosenzweig et al. (2016) report the development of a new test for introgression, RNDmin, based on summary statistics between sister lineages relative to divergence to an outgroup, showing that it is robust to variation in mutation rate and inaccurate estimates of divergence time. They apply this test to two sister species of mosquito and identify three novel candidate regions for introgression one of which is located on the X chromosome, but outside an inversion that distinguishes the two species.
Further problems with detecting introgression are especially evident when one lineage involved is extinct. However, such problems may be overcome if ancient DNA is available for the extinct lineage. Research conducted on detecting admixture using archaic genomes is reviewed by Schaeffer et al. 
Hybridization and isolation across hybrid zones
Hybrid zones have been termed natural laboratories for evolutionary studies (Hewitt 1988) and are excellent systems for simultaneously examining introgression and isolating barriers between diverging lineages. Harrison & Larson (2016) review the importance of hybrid zones for studying speciation, placing particular emphasis on patterns of heterogeneous genome divergence and whether these may reflect the genetic architecture of adaptation and reproductive isolation between taxa. They further point out the problems of using such patterns to distinguish primary intergradation from secondary contact in the formation of hybrid zones. Distinguishing between these two modes of origin of hybrid zones is a major focus of a paper by Filatov et al. (2016) , which examines a hybrid zone between two ragwort (Senecio) species that occurs across an elevational gradient on Mount Etna in Sicily. Using a model based analysis of nextRAD SNP data, rates of gene flow between the two species are estimated to be significantly higher at the time of divergence than currently.
It is proposed that this rules out an origin of the hybrid zone by secondary contact and favours one of divergence with gene flow.
Additional studies of introgression and isolation across hybrid zones are presented in papers by Christe et al. (2016) , Kenney & Sweigart (2016) , Senerchia et al. (2016) 
More on isolating barriers
Harrison and Larson emphasize in their paper that divergent selection in the face of gene flow is only one of several possible causes of heterogeneous genome divergence between taxa. Genomic islands of relative divergence, as measured by Fst, may be due to reduced diversity, rather than increased divergence (Cruickshank and Hahn, 2014) . Reduced diversity may in turn be due either to high background selection, associated with reduced recombination, or to selective sweeps. In the latter case, genomic islands indicate selected loci, and that selection may contribute to reproductive isolation. However, the islands themselves would not have been generated by a barrier to gene flow.
The problem of discounting alternative explanations for presence of genomic islands of divergence is analysed in depth by Yeaman et al. (2016) . They explore conditions for the evolution of such islands, focusing primarily on the effect of linkage on the establishment probability of new mutations and how migration and selection affect this process. Further development of this approach should lead to an ability to distinguish between alternative explanations for the occurrence of genomic islands of divergence between taxa and whether they contain genes contributing to local adaptation and reproductive isolation.
Several studies have identified associations amongst unlinked loci in admixed populations, and have suggested that these reveal epistatic interactions between incompatibility loci. Schumer and Brandvain (2016) simulate the distribution of such "ancestry disequilibrium", and find an excess of positive associations, even in the absence of selection against hybrids. Simulations that include incompatibilities show that these can in principle be detected through excess ancestry disequilibrium, but that the signal is hard to disentangle from the neutral background.
Genomic analyses of isolating barriers between particular pairs of hybridizing taxa are presented in turn by Pease et al. (2016) and Hu & Filatov (2016) . Pease et al. report the results of a transcriptomic analysis of mechanisms of postmating prezygotic isolation between a self-incompatible (SI) and a selfcompatible (SC) species of tomato (Solanum). Unilateral incompatibility (UI) exists between these species such that pollen from the SI species germinates and grows in the pistil of the SC species, whereas pollen of the SC species fails to fully grow in the pistil of the SI species. Such unilateral incompatibility is often, though not always, found between pairs of hybridizing SI and SC flowering plants. Pease et al. identify five strong candidate genes for involvement in UI between the two tomato species, two of which are firmly supported by prior developmental, functional and QTL mapping studies. Hu & Filatov (2016) demonstrate that the disproportional effect of the Xchromosome on reproductive isolation between hybridizing species (the large Xeffect), often reported in animals, is also apparent in two dioecious species in the plant genus Silene (campions). Sex chromosomes are rarely found in flowering plants and in the two species of Silene investigated most X-linked genes have Y-linked homologs, unlike the situation that is common for animal sex chromosomes (see Dufresnes et al. 2016 for exceptions). Thus, whereas in most animals the large Xeffect is often explained by the fact that X-linked genes are hemizygous and therefore recessive genes are frequently expressed resulting in Bateson-Dobzhansky-Muller type incompatibility in interspecific hybrids, other causes must explain the large Xeffect in Silene.
An under-appreciated postzygotic isolating barrier between plants is seed lethality, stemming from the failure of endosperm development in hybrid seed produced from crosses between species of either equivalent or different ploidy. This isolating barrier depends on the direction of the cross and thus of parent-of-origin effects. Epigenetic mechanisms regulating parental genome dosage in the endosperm, which is triploid (two maternal and one paternal genomes), are proposed as causes of hybrid endosperm defects. Lafon-Placette & Köhler (2016) review recent research that is clarifying the developmental mechanisms involved and the evolutionary forces that drive the establishment of this barrier between flowering plant species.
Hybrid speciation and genome stabilization
Hybrid speciation may occur in two ways, either with no change in chromosome number (homoploid hybrid speciation), or with a doubling of chromosome number in the hybrid relative to its parents (allopolyploidy). Homoploid hybrid speciation is considered to be rare (Yakimowski & Rieseberg 2014) , whereas allopolyploidy is regarded as common in plants (e.g., Barker et al. 2016) , though not in animals.
Detection of a homoploid hybrid species is difficult (Rieseberg 1997) , and clearly a first step is to show that the species is truly of hybrid origin, a process greatly improved by genomic analysis. It was originally proposed by Grant (1981) that a Californian sunflower (Helianthus bolanderi) originated through homoploid hybridization, though this was not supported by results from a later allozyme analysis (Rieseberg et al. 1988) . To overcome any doubts on this matter, Owens et al. (2016) conducted a genomic analysis on the putative hybrid taxon and its putative parent species, to show convincingly that the supposed hybrid taxon was clearly not hybrid.
Their analysis revealed, however, that introgression has occurred from this taxon into what had previously been considered one of its putative parents, the invader H. annuus, as predicted by theory. Gallagher et al. (2016) review and recommend network approaches for analyzing the effects of genome duplication on the ecology and evolution of polyploid plants, and particularly the novel interactions that occur among duplicated genomes that affect gene expression and patterns of divergence, recruitment, and loss of duplicated genes. They demonstrate the utility of this approach by focusing on the evolution of cotton fibres in the allopolyploid Gossypium hirsutum, the species that provides most of the world's cotton. They show how co-expression network analysis of the whole fibre transcriptome can identify the co-expression and interaction of genes involved in the development of this trait, and whether there is differential (biased) usage of duplicated genes (homeologs).
Early generation hybrids are genomically unstable and will generate large amounts of genetic variation through segregation, transposon activation and epigenetic reprogramming etc. Stable hybrid genomes evolve when parts of each parental haplotype become fixed across individuals enabling stable admixed ancestry to be maintained over subsequent generations. Previous studies suggest that the rate of hybrid genome stabilization varies across taxa and is dependent on demographic differences, selection or strong genetic drift. Here, examine a swordtail fish whose genome shows considerable ancient hybrid ancestry. They show that certain functionally important regions of the genome are devoid of hybrid ancestry, most likely due to the effects of selection. In contrast, hybridization-derived regions tend to show reduced functional constraint. They emphasise that "More research is needed to understand whether there are general rules for how quickly genomes stabilize after hybridization and which processes most commonly drive this stabilization."
Concluding remarks
Genomic analysis provides the means for detecting hybridization and introgression between diverging lineages, and determining the evolutionary consequences of such processes. Although most species do not hybridize in the wild (Schwenk et al. 2008; Whitney et al. 2010) , genomic analyses increasingly show that many animal and plant species have experienced admixture during their evolutionary history. Whether such admixture is of adaptive significance remains largely untested, although in some instances it is (see Suarez-Gonzalez et al. 2016) . The papers presented in this special issue emphasise the power of genomic analysis in detecting admixture, determining its adaptive significance, detecting the genetic basis of isolating barriers that prevent admixture, and resolving evolutionary relationships between lineages that have experienced admixture. Genomic analyses will undoubtedly become more sophisticated in the future to provide more detailed information on the effects of hybridization (e.g., Gallagher et al. 2016) . Molecular ecologists, however, should not lose sight of the equal importance of experimental and field studies to evaluate the evolutionary and ecological consequences of hybridization and introgression. Very few studies, for example, combine genomic analyses, with measures of fitness of admixed individuals under common garden conditions or in the wild. In studies of hybrid zones, in particular, this should be attempted whenever possible (see Christe et al. 2016; von Rönn et al. 2016) , as a complement to genomic analyses, so as to obtain a more complete understanding of the factors that may allow species to originate and be maintained in the face of gene flow.
